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^-£>Gould,  Inc.,has  developed  new  strain  gage,  deposition  and  lead  wire  attachment 
processes  that  have  shown  significant  promise  for  improved  accuracy,  higher 
reliability,  and  lower  cost  when  applied  to  strain  gage  pressure  transducers  now 
being  used  in  gas  turbine  control  and  diagnostic  systems.  This  report  summarizes 
work  efforts  to  experimental ly  identify  and  to  validate,  via  bench  tests,  the 
benefits  of  these  new  fabrication  processes.  The  results  of  static  accuracy, 
temperature  and  pressure  cycling,  acceleration,  vibration,  thermal  and  mechanical 
shock,  and  humidity  testing  are  discussed.  _ I 
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SUMMARY 


The  contract  objective  was  to  incorporate  new  developments  in  thin  film 
strain  gage  deposition  processes  and  lead  wire  attachment  processes  into  a 
new,  more  accurate,  more  reliable,  and  lower  cost  pressure  transducer.  To 
accomplish  this  objective,  four  (4)  prototype  pressure  transducers  were  built 
using  a  newly  developed  Evolution  III  beam  design  (see  Figures  4  and  5)  and 
parallel-gap  welding  techniques  to  attach  gold  leads  to  the  desposited  thin 
film  circuit  and  adjacent  printed  circuit  board  (see  Figure  4).  The  Evolution 
III  beam  layout  utilizing  long  deposited  runners  made  it  possible  to  attach  the 
gold  leads  to  the  stationary  end  of  the  sensing  beam  (see  Figure  4).  With  the 
Evolution  III  beam  design,  the  gold  lead  wires  were  made  significantly  shorter 
than  those  used  on  the  older  vapor  deposited  beam  design  (compare  Figures  3  and 
4),  thereby  increasing  the  natural  frequency  of  the  gold  lead  wires.  Because 
the  shorter  gold  leads  can  tolerate  a  more  severe  vibration  environment,  the 
transducer's  reliability  and  useful  life  are  increased. 

Two  (2)  of  the  four  (4)  pressure  transducers  were  subjected  to  rigorous 
bench  testing  including  pressure  overload,  temperature  cycling,  static  acceler¬ 
ation,  mechanical  shock,  sine  vibration,  humidity,  pressure  cycling,  thermal 
shock,  and  pressure-step  time  response.  The  above  bench  tests  were  designed  to 
determine  how  the  prototype  units  would  perform  when  used  in  jet  engine  control/ 
diagnostic  systems  applications. 

The  remaining  two  (2)  prototype  transducers  were  submitted  to  Air  Force 
Wright  Aeronautical  Laboratories  for  on-engine  test  and  evaluation.  These 
two  (2)  prototype  units  were  returned  to  Gould  MSD  following  the  on-engine 
testing  for  recalibration  and  evaluation  to  determine  if  the  units  had  been 
adversely  effected  by  the  engine  test  environment. 
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SUMMARY  contd 


The  following  is  a  listing  of  design  accuracy  goals,  and  the  worst  case 
results  obtained  from  the  four  (4)  prototype  units: 


ACCURACY 


DESIGN 

GOALS 

Non-linearity 

±.15%  F.S. 

+.181%  F.S. 

Hysteresis 

0.1%  F.S. 

.081%  F.S. 

Repeatability 

0.1%  F.S. 

.042%  F.S. 

Thermal  Effects 

Zero  Shift 

±.005%  F.S./°F 

-.0021  to  +.0027%  F.S./°F 

Sensitivity 

±.005%  F.S./°F 

-.0012  to  +.0005%  F.S./°F 

Overload  (150%  F.S.) 

Zero  Set 

±0.1%  F.S. 

.024%  F.S. 

(See  Tables  5  and  6  and  Figures  21  and  22  for  more  detailed  data). 

As  can  be  seen  from  the  above  data,  the  only  design  goal  that  was  not  at¬ 
tained  was  the  non-linearity  goal  of  ±.15%  F.S. 


Gould  MSD  and  GLEER  Laboratories  are  presently  conducting  research  and 
development  efforts  to  improve  the  new  sputtered  thin  film  deposition  process. 
Currently,  a  state-of-the-art,  350  ohm  resistance  bridge  strain  gage  operating 
at  temperatures  in  excess  of  300°F  is  not  available.  However,  recent  research 
developments  utilizing  alternate  films  are  encouraging. 
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GLOSSARY  OF  TERMS: 

Absolute  Pressure 

The  pressure  measured  relative  to  zero  pressure  measured  in  pounds  per 
square  inch  absolute  (psia). 

Acceleration  Error 

The  maximum  difference,  at  any  measurand  value  within  the  specified  range, 
between  readings  taken  with  and  without  the  application  of  specified  con¬ 
stant  acceleration  along  specified  axes  at  room  conditions. 

Acceleration  Sensitivity 

The  difference  between  the  output  at  zero  acceleration  and  the  output 
measured  at  a  given  steady-state  acceleration.  In  pressure  transducers 
it  is  usually  indicated  as  percentage  of  full-scale  output  per  ' g ' .  It 
may  be  expressed  as  the  output  difference  under  acceleration  at  zero  pres¬ 
sure  stimulus  or  at  some  other  value  of  pressure  stimulus. 

Accuracy 

The  ratio  of  the  error  to  the  full  scale  output,  or  the  ratio  of  the  error 
to  the  output  expressed  as  a  percent. 

Compensation 

Provision  of  a  supplemental  device  or  special  materials  to  counteract 
known  sources  of  error. 

Cal ibration 

Known  values  of  the  measurand  are  applied  while  the  transducer  output  is 
observed  or  recorded.  The  calibration  data  provide  information  pertaining 
to  the  non-linearity  and  hysteresis  characteristics  of  the  transducer. 
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GLOSSARY  OF  TERMS: 


contd 


A  sensing  element  consisting  of  a  membrane  pi  .ced  between  two  volumes. 
The  membrane  is  deformed  by  the  pressure  differential  applied  across  it. 
End  Points 

The  outputs  at  the  specified  upper  and  low  limits  of  the  range. 

End-Point  Linearity 

Non-linearity  errors  expressed  as  deviations  from  a  straight  line  drawn 
between  the  end  points. 

End-Point  Sensitivity 

The  algebraic  difference  in  electrical  output  between  the  maximum  and 


minimum  values  of  the  measurand. 


Error 


The  algebraic  difference  between  the  indicated  value  and  the  true  value 
of  the  measurand.  It  is  usually  expressed  in  percent  of  the  full-scale 
output  or  in  percent  of  the  output  reading  of  the  transducer. 


Excitation 


The  external  electrical  voltage  and/or  current  applied  to  a  transducer 
for  its  proper  operation. 


Full  Scale 

Total  stimulus  interval  over  which  the  instrument  is  intended  to  operate. 
Also,  the  output  of  the  device  over  this  interval. 

Full  Scale  Output 

The  algebraic  difference  between  the  end  points. 


Full  Scale  Sensitivity 

Same  as  full  scale  output 


GLOSSARY  OF  TERMS:  contd 

Hysteresis 

The  maximum  difference  in  output  at  any  given  measurand  value  within  the 
specified  range,  when  the  value  is  approached  first  with  increasing  and 
then  with  decreasing  measurand. 

Insulation  Resistance 

The  resistance  measured  between  specified  insulated  portions  of  a  trans¬ 
ducer  when  a  DC  voltage  is  applied  at  room  conditions. 

Non-Linearity 

The  deviation  of  a  calibration  curve  from  a  specified  straight  line. 
Measurand 

A  physical  quantity,  property,  or  condition  which  is  measured  (for  this 
report,  the  measurand  is  pressure). 

Output 

The  electrical  signal,  produced  by  a  transducer,  which  is  a  function  of 
the  measurand. 

Overpressure 

Pressure  applied  in  excess  of  the  rated  range  of  a  pressure  transducer. 

Range 

The  spectrum  of  measurand  values  which  exist  between  the  upper  and  lower 
limits  of  the  transducer's  measuring  capability. 

Repeatability 

The  ability  of  a  transducer  to  reproduce  output  readings  when  the  same 
measurand  value  is  applied  to  it  repeatedly,  under  the  same  conditions, 
in  the  same  direction. 

Static  Accuracy 

See  calibration. 

Static  Calibration 


See  calibration. 


I.  INTRODUCTION 


The  following  is  a  "Final  Technical  Report"  submitted  in  compliance  with 
Contract  F3361 5-78-C-2064  between  Air  Force  Wright  Aeronautical  Laboratories 
and  Gould  Inc.,  Measurement  Systems  Division  (Gould  MSD).  The  contract  ob¬ 
jective  was  to  incorporate  improvements  in  thin  film  strain  gage  deposition 
methods  and  gold  lead  attachment  techniques  into  the  basic  design  of  strain 
gage  pressure  transducers,  thereby  improving  the  accuracy,  reliability,  and 
lowering  unit  cost.  Efforts  under  this  contract  centered  on  validation  test¬ 
ing  of  a  new  deposition  pattern  (see  Figures  3  and  4)  and  lead-wire  attach¬ 
ment  techniques  designed  to  increase  transducer  life  and  improve  transducer 
performance  when  used  in  jet  engine  control/diagnostic  applications  (i.e.  high 
' g ' ,  high  frequency  vibration  environment). 

The  purpose  of  this  "Final  Technical  Report"  is  to  describe  research  and 
development  efforts  (Tasks  I,  II,  and  III)  conducted  by  Gould  MSD  in  compli¬ 
ance  with  the  contract.  First,  Gould  MSD  conducted  an  engineering  effort  to 
fabricate,  and  bench  test  validate,  a  strain  gage  deposition  pattern  and 
lead-wire  attachment  process  suitable  for  strain  gage  pressure  transducer 
incorporation.  Using  the  improved  strain  gage  pattern  and  best  gold  lead 
attachment  process,  four  (4)  prototype  pressure  transducers  were  built  and 
initial  design  validation  testing  was  concluded  (Task  I).  Two  (2)  of  the 
prototype  transducers  were  subjected  to  further  bench  testing  to  identify 
performance  characteristics  and  limitations  (Task  II).  (See  Test  Procedure 
1053.)  Finally,  the  two  (2)  remaining  transducers  were  piggyback  engine 
tested  to  determine  on-engine  suitability  for  control /diagnostic  system 
applications  (Task  III). 
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I.  INTRODUCTION  contd 

The  following  paragraphs  will  first  present  a  brief  description  of  how  the 
Gould  MSD  pressure  transducer  works,  and  then  describe  how  Tasks  I,  II,  and  III 
were  implemented  utilizing  Gould's  proprietary  sputtered  thin  film  process  to 
produce  an  improved  pressure  transducer  for  use  in  jet  engine  control/diagnostic 
systems  applications. 

II.  BACKGROUND  -  HOW  THE  GOULD  PRESSURE  TRANSDUCER  WORKS 

The  Gould-Statham  pressure  transducer  discussed  here  measures  pressure  by 
means  of  a  diaphragm,  linkage  pin,  beam  and  deposited  strain  gage  sensing  ele¬ 
ment  (see  Figure  1). 

When  pressure  is  applied  to  the  transducer  through  the  pressure  cap,  the 
stainless  steel  diaphragm  is  displaced  by  an  amount  directly  proportional  to  the 
applied  pressure  (see  Figure  1).  This  displacement  is  transmitted  by  a  linkage 
pin  to  a  bending  beam.  The  beam  is  fixed  at  one  end  and  loaded  by  the  linkage 
pin  at  the  other  end,  but  free  to  deflect  at  the  loaded  end.  The  linkage  pin 
applies  the  force  to  be  measured  perpendicularly  to  the  median  plane  of  the  beam 
causing  stress  reversals  on  one  surface  of  the  beam  (see  Figure  1  view  AA). 

Since  the  beam  is  symmetrical,  the  values  of  the  compressive  and  tensile  strain 
are  equal . 

The  thin  film  strain  gages  are  deposited  directly  onto  the  beam  over  the 
high  tensile  and  compressive  stress  points.  The  strain  gages  are  electrically 
connected  into  a  four  (4)  leg  active  Wheatstone  bridge  having  two  tension  ele¬ 
ments  and  two  compression  elements.  When  a  voltage  is  applied  to  the  bridge, 
a  differential  voltage  proportional  to  the  pressure  is  generated  across  the 
bridge  (see  Figures  5  and  5A). 
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II.  BACKGROUND  -  HOW  THE  GOULD  PRESSURE  TRANSDUCER  WORKS 


contd 


The  thin  film  strain  gage  process  uses  techniques  similar  to  those  used 
in  the  manufacture  of  electronic  microcircuitry.  A  metal  substrate  (bending 
beam)  is  precision  polished  to  a  mirror  finish  to  provide  the  proper  surface 
for  the  thin  film  coating.  The  polished  parts  are  thoroughly  cleaned  and 
placed  in  a  high  vacuum  chamber.  A  ceramic  layer  is  deposited  on  the  metal 
substrate  to  provide  electrical  insulation  for  the  strain  gages.  Then  the 
resistor  material  and  gold  layers  are  deposited.  The  deposited  beams  are  then 
removed  from  the  vacuum  chamber  and,  using  photol ighographic  techniques,  the 
bridge  resistor  patterns  and  gold  runners  are  defined.  (See  Figures  4  and  4A.) 
The  gold  ribbon  lead  wires  are  attached  to  make  the  connection  from  the  bridge 
to  the  stand  off  terminals  on  an  adjacent  frame  (i.e.  Printed  Circuit  Board, 
see  Figure  2).  The  bending  beam  assembly  is  protected  in  a  hermetically  sealed 
cavity  formed  by  the  diaphragm  and  the  vacuum  case  (see  Figure  1).  The  trans¬ 
ducer  unit  assembly  is  evacuated  and  sealed  in  order  to  assure  a  stable 
reference  pressure.  All  mechanical  joints  are  continuous  electron  beam  welds. 
Electrical  feedthroughs  are  via  ceramic  seal  stainless  steel  pins.  These  design 
features  ensure  a  reliable  hermetic  seal  with  no  measurable  leakage  rate. 

Compensation  resistors  are  installed  to  provide  desired  performance 
characteristics  throughout  the  temperature  range  in  which  the  transducer 
will  operate  (see  Figure  5A,  View  * C ' ) . 
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III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD  - 

WIRE  ATTACHMENT  VALIDATION 

As  of  the  award  date  of  this  contract;  October  16,  1978,  Gould  Laboratories 
Electrical  and  Electronics  Research,  (GLEER  Labs.),  had  developed  a  new  sput-  . 
tered  thin  film  deposition  process  proprietary  to  Gould  Inc.  GLEER  Labs  had 
also  defined  a  new  deposition  geometry  to  facilitate  connecting  gold  leads  to 
the  thin  film  deposited  strain  gage  circuit  at  the  stationary  end  of  the  sensing 
beam  (see  Figure  4,  "Evolution  III  Beam"). 

Task  I  as  defined  under  Air  Force  Contract  F33615-78-C-2064,  consisted  of 
three  parts: 

1.  Validation  testing  of  the  new  "Evolution  III"  sputtered  thin  film 
beam  geometry  (see  Figure  4). 

2.  Evaluation  of  three  gold-lead  attachment  techniques  to  determine 
the  best  suited  bonding  process  to  use  in  pressure  transducer 
design. 

3.  Fabrication  of  four  (4)  prototype  pressure  transducers  and  perfor¬ 
mance  initial  testing  to  verify  performance  characteristics  of 
Evolution  III  beam  and  gold-lead  wire  attachment  processes. 

The  following  three  sections  will  discuss  specific  activities  conducted  by 
Gould  MSD  in  conjunction  with  GLEER  Labs  to  complete  Task  I  as  defined  above. 

1 .  New  Evolution  III  Beam  Validation 

Figure  3  shows  a  standard  thin  film  vapor  deposit/shadow  mask  beam  con¬ 
figuration.  Note  that  this  beam  design  has  gold  leads  attached  to  the  active, 
movable,  end  of  the  sensing  beam.  One  focus  under  Task  I  of  this  contract  was 
to  test  validate  the  new  Evolution  III  beam  design  developed  by  Gould  Inc. 
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III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 
WIRE  ATTACHMENT  VALIDATION  contd 
1 .  New  Evolution  III  Beam  Validation  contd 

The  Evolution  III  Beam  design  enables  the  gold  lead  wires  to  be  attached 
to  the  stationary  end  of  the  beam  and  thereby  allow  the  use  of  shorter  gold 
leads  that  do  not  move  when  the  pressure  sensing  end  of  the  beam  moves. 

Before  the  development  of  the  Gould  sputtered  thin  film  deposition  process,  it 
was  not  economically  feasible  to  attach  the  gold  leads  to  the  fixed  end  of  the 
beam  because  long  runners  (see  Figure  4  and  5)  were  beyond  the  practical  limits 
of  the  vapor  deposition  techniques. 

The  gold  wire  leads  used  in  the  Evolution  III  Beam  design  are  signifi¬ 
cantly  shorter  than  those  used  in  the  vapor  deposit/shadow  mask  design  beam 
(see  Figures  3  and  4).  The  shorter  lead  lengths  increase  the  natural  frequency 
of  the  leads.  Because  the  leads  have  a  higher  natural  frequency,  and  because 
the  leads  do  not  move  when  pressure  is  applied  to  the  transducer,  the  overall 
transducer  design  can  tolerate  more  severe  vibration  environments  and  higher  ' g ' 
loadings,  thereby  increasing  unit  life. 

Figure  4A  shows  a  cross-sectional  view  of  the  thin  film  deposition  layers. 
Validation  tests  revealed  that  the  contact  resistance  was  a  limiting  factor 

for  the  new  Evolution  III  Beam  design.  Specifically,  the  resistance  across  the 

interface  between  the  deposited  gold  lead  runners  and  the  strain  gage  resis¬ 
tor  material  changes  with  time  and  temperature. 

The  effects  of  contact  "aging"  are  only  significant  at  higher  temperatures 
(above  300°F)  or  at  low  bridge  resistance  levels  (350  ohm  bridge).  Therefore, 
for  the  purposes  of  this  contract,  a  5500  ohm  bridge  was  selected.  Four  (4) 
prototype  pressure  transducers  (two  0  to  20  psia  and  two  0  to  60  psia)  were 
built  for  further  evaluation  testing  of  the  Evolution  III  Beam.  The  results  of 

these  tests  will  be  presented  under  the  discussion  of  Task  II. 


III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 


WIRE  ATTACHMENT  VALIDATION  contd 

1.  New  Evoluation  III  Beam  Validation  contd 
It  should  be  noted  here  that  Gould  is  engaged  in  company  funded  on-going 

research  to  develop  a  350  ohm  bridge  with  high  gage  factor,  high  accuracy,  and 
long  term  stability  in  300°  to  600° F  environments. 

2.  Gold  Lead  Attachment  Tests 

The  second  focus  of  activity  under  Task  I  was  to  test  and  evaluate  three 
gold  lead  bonding  techniques  and  select  the  bonding  process  most  suited  to 
Gould's  pressure  transducer  application.  The  three  bonding  processes  tested 
were: 

1)  Thermocompression  ball  and  stitch  bonding. 

2)  Ultrasonic  ball  and  stitch  bonding. 

3)  Parallel-gap  resistance  welding. 

The  next  few  paragraphs  will  first  describe  each  bonding  process  separat¬ 
ely,  then  a  discussion  of  how  the  best  bonding  technique  for  Gould's  applica¬ 
tion  was  selected  follows. 

a.  Thermocompression  Ball  and  Stitch  Bonding 

Thermocompression  ball  and  stitch  bonding  is  a  widely  used  semicon¬ 
ductor  bonding  technique.  A  fine  gold  wire  (usually  .001"  to  .00125" 
diameter)  is  fed  down  through  the  capillary  bore  (see  Figure  6).  A  small 
bore  hydrogen  cutoff  torch  is  used  to  melt  the  wire  and,  by  surface  tension 
form  a  ball  2  to  3  times  the  wire  diameter  (see  Step  1  of  Figure  6).  The 
capillary  tool  is  lowered  to  the  bonding  pad  surface  and,  with  the  appli¬ 
cation  of  heat  and  pressure,  a  "ball  bond"  is  formed  (see  Figure  6,  Step  2 


III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 


WIRE  ATTACHMENT  VALIDATION 


Gold  Lead  Attachment  Tests 


Thermocomoression  Ball  and  Stitch  Bondin 


The  capillary  tool  is  then  raised  with  the  wire  bond  to  the  pad  sur¬ 
face  and  wire  is  fed  out  of  the  capillary  as  it  is  positioned  over  another 
lead  bonding  pad  (see  Step  3  of  Figure  6). 

The  capillary  tool  is  then  lowered  to  the  bonding  pad  and,  with  appli¬ 
cation  of  heat  and  pressure,  a  "stitch  bond"  is  made  (see  Step  4  of  Figure 


After  making  the  stitch  bond,  the  capillary  tool  is  raised,  allowing 
wire  to  feed  out,  then  a  wire  clamp  is  activated  just  above  the  capillary 
tool;  the  capillary  tool  is  further  raised,  causing  the  wire  to  rupture  and 
break  at  the  bond  without  disturbing  the  lead  bond  weldment  (see  Figure  7 
and  Step  4  of  Figure  6).  To  complete  the  process,  the  hydrogen  torch  is 
used  again  to  form  a  ball  on  the  end  of  the  wire,  preparatory  to  the  next 
bonding  cycle. 

b.  Ultrasonic  Ball  Bonding 

The  greatest  advantage  of  the  ultrasonic  ball  bonding  process  is  that 
no  heat  is  required.  In  this  process,  a  bond  is  achieved  through  the  proper 
transmittal  of  ultrasonic  energy  under  pressure  to  the  bond  interface. 
Consistent  and  reliable  bonding  requires  optimized  parameters  as  illustra¬ 
ted  in  the  following  paragraphs.  The  parameters  to  consider  are  power, 
clamping  force,  duration  of  energy  application,  mating  of  tool  geometry  with 
wire,  and  bonding  pad  surface  condition. 


% 


III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 
WIRE  ATTACHMENT  VALIDATION  contd 
2.  Gold  Lead  Attachment  Tests  contd 
b.  Ultrasonic  Ball  Bonding  contd 

Figure  8  shows  the  relationship  of  the  bond  pull  strength,  in  percent 
of  ultimate  wire  tensile  strength,  to  the  deformed  width  of  the  bond  (see 
Figure  9).  Three  sets  of  curves  of  bond  pull  strength  versus  power,  time, 
or  clamping  force  an  be  obtained  by  varying  one  of  these  parameters  while 
holding  the  other  two  constant  at  their  optimum.  Each  curve  is  similar  to, 
and  can  be  related  to,  the  curve  of  bond  pull  strength  versus  wire  deformed 
width  (Reference:  Small  Precision  Tools,  28  Paul  Drive,  San  Rafael,  CA). 

As  each  parameter  is  increased  (i.e.  power,  time,  or  clamping  force), 
the  weldment  grows  stronger  in  lift  off  strength  through  bond  growth  (see 
Figure  10).  At  the  same  time,  due  to  wire  deformation,  the  transition  from 
the  wire  into  the  weldment  becomes  weaker  (see  Figures  10  and  11).  The 
failure  mode  changes  from  weldment  failure  (lift  off)  to  wire  breakage 
failure  (see  Figure  8).  Maximum  pull  strength  is  at  the  intersection  of 
the  two  failure  modes  (shaded  area  of  Figure  8).  Lowest  reproducibility  is 
within  the  lift  off  failure  mode  and  within  the  breakage  failure  mode  after 
the  deformed  width  exceeds  two  times  the  wire  diameter.  Highest  reproduci¬ 
bility  is  within  the  breakage  failure  mode  directly  after,  but  less  than 
maximum  pull  strength  of  the  wire  alone.  This  is  the  optimum  bonding  region 
which,  while  not  at  maximum  pull  strength,  produces  maximum  reproducibility 
consistent  with  high  bond  strength. 
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III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURAITON  AND  GOLD  LEAD 


WIRE  ATTACHMENT  VALIDATION  contd 

2.  Gold  Lead  Attachment  Tests  contd 

c.  Parallel-Gap  Welding 

Parallel-gap  welding  is  a  resistance  weld  technique  where  two  elec¬ 
trodes  separated  by  a  controlled  gap  are  placed  on  top  of  the  gold  lead 
to  be  welded  (see  Figure  12).  A  constant,  controlled  voltage  difference 
between  the  electrodes  is  induced  for  a  specified  time  causing  a  current 
to  flow  through  the  gold  lead,  thereby  heating  the  lead.  Because  the 
voltage  is  controlled  and  is  only  applied  for  a  specified  time,  the  heat 
build  up  in  the  lead  is  controlled  so  that  the  lead  and  pad  melt  and  fuse 
together. 

Among  the  techniques  available  for  interconnecting  the  external  gold 
leads  to  the  deposited  thin  film  circuitry  and  the  printed  circuit  board 
pads,  welding  offers  several  advantages.  These  advantages  include  excellent 
mechanical  strength,  low  electrical  resistance,  and  outstanding  environmental 
qualities  such  as  high  tolerance  to  thermal  shock  and  elevated  temperature. 
Suitability  of  the  process  to  well  defined  production  control  is  another 
important  advantage.  The  parallel  gap  welding  process  has  been  utilized  by 
Gould,  MSD  since  1967  for  all  its  thin  film  lead  welding  requirements. 
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WIRE  ATTACHMENT  VALIDATION  contd 
d.  Gold  Lead  Attachment  Test  Conclusions 

Thermocompression  ball  bonding  test  us'.ng  the  Hughes  Micro  Pulse  Ther¬ 
mocompression  Ball  Bonder  (Model  MCW/BB)  and  Unitek  Micropull  3  yielded  the 
following  results: 

1.  Ball  and  stitch  welds  on  the  beam  only. 

Wire  failed  between  16.5  to  37.2  grams. 

Failures  all  occurred  along  the  wire. 

2.  Ball  and  stitch  welds  on  the  standard  terminal  board  pad. 

Pull  force  to  failure  was  17.4  to  17.8  grams. 

Failures  all  occurred  at  the  stitch  weld. 

3.  Ball  and  stitch  weld  on  gold  pins. 

Pull  force  to  failure  was  20.8  grams. 

Wire  failure  occurred  at  the  ball  bond. 

The  above  results  were  for  .002  inch  diameter  hardened  gold  wire. 

While  the  attachment  results  using  thermocompression  ball  and  stitch  bond¬ 
ing  are  acceptable,  this  bonding  technique  does  not  offer  a  significant 
improvement  over  parallel  gap  welding  techniques  currently  used  by  Gould 
USD. 


In  addition,  thermocompression  ball  and  stitch  welding  was  difficult 
to  employ  because  of  the  clogging  of  the  capillary  bore  in  the  crucible 
tip.  For  these  reasons,  it  was  decided  not  to  change  from  parallel -gap 
welding  to  thermocompression  bonding. 


III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 
WIRE  ATTACHMENT  VALIDATION  contd 
d.  Gold-Lead  Attachment  Test  Conclusions  contd 

Ultrasonic  ball  and  stitch  bonding  test  results  using  the  Hughes 
TSB-460  Ultrasonic  Wire  Bonder  proved  to  be  unsatisfactory.  Because  of  the 
mismatch  in  energy  absorption  between  the  beam  substrate  material  (stainless 
steel)  and  the  fiberglass  printed  circuit  board  backing  material,  it  was  very 
difficult  to  consistently  control  the  bonding  process.  Since  the  ultrasonic 
ball  and  stitch  bonding  process  is  achieved  through  the  proper  transmittal 
of  ultrasonic  energy  under  pressure  to  the  bond  interface,  and  since  the 
energy  absorption  levels  vary  significantly  at  the  different  attachment  point 
in  the  Gould  transducer  design,  it  was  concluded  that  ultrasonic  bonding  was 
not  as  good  as  parallel  gap  welding  for  this  application. 

The  parallel  gap  welding  process  has  been  used  extensively  by  Gould 
MSD.  Pull  tests  conducted  on  a  gold  sputter  deposited  beam  (i.e.  gold 
plated)  and  a  gold  plated  terminal  pin  yielded  favorable  results  (see 
Figure  13  and  13A).  Differences  in  pull  strength  between  .001"  X  .003" 
annealed  and  cold  work  hardened  gold  ribbon  wire  were  discernible.  As 
can  be  seen  from  Figure  13,  the  average  pull  strength  of  the  annealed  gold 
ribbon  wire  was  25.0  grams  versus  21.4  grams  for  "standard"  cold  work  har¬ 
dened  wire  of  the  same  dimensions. 

The  simplicity  and  repeatability  of  parallel-gap  welding  were  the  pri¬ 
mary  reason  for  selecting  this  attachment  process  over  thermocompression  and 
ultrasonic  bonding.  Parallel-gap  welding  is  a  proven  and  reliable  attach¬ 
ment  method  and  fits  well  into  efficient  production  procedures. 
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WIRE  ATTACHMENT  VALIDATION  contd 
Prototype  Fabrication  and  Validation 


On  May  16,  1980,  Gould  MSD  was  authorized  by  Contracting  Officer, 

A.  J.  Novak,  Lt.  USAF,  to  build  four  (4)  prototype  pressure  transducers. 
The  transducer  configurations  approved  were: 


Model  Identification 
Pressure  Ranges 


Strain  Gage  Resistance 


Gold  Lead  Interconnect 


PA8223-20  and  PA8223-60 
0  to  20  psia  (build  two) 

0  to  60  psia  (build  two) 

Evolution  III  Beam  configuration 
using  5500  ohm  strain  gage  bridge. 
Gold  ribbon  wire  .001"  X  .003" 


annealed. 


Four  prototype  pressure  transducers  were  built  and  validation  testing 
was  accomplished.  The  following  paragraphs  will  discuss: 

1)  Prototype  mechanical  design 

2)  Prototype  electrical  design 

3)  Prototype  initial  design  validation  test  results. 

The  four  prototypes  built  for  this  contract  were  built  using  the  Evo¬ 
lution  III  beam  design  and  the  parallel-gap  welding  procedure  to  attach  the 
gold  wire  leads. 


a.  Prototype  Mechanical  Desiqn 


The  overall  pressure  transducer  size  was  as  indicated  in  Figure  14 


III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 


WIRE  ATTACHMENT  VALIDATION  contd 
3.  Prototype  Fabrication  and  Validation  contd 
a.  Prototype  Mechanical  Design  contd 

Model  8223-20,  0  to  20  psi  range,  was  built  using  a  .005  inch  thick  con¬ 
voluted  diaphragm  and  an  Evolution  III  beam  with  a'T'  dimension  of  .010 
inches  (see  Figure  1).  The  specially  designed  balance  between  the  stiff¬ 
ness  of  the  diaphragm  and  the  stiffness  of  the  beam,  results  in  a  movement 
of  .0015  inches  of  the  movable  end  of  the  Evolution  III  beam  when  20  psia 
is  applied  to  the  transducer. 

Model  8223-60,  a  0  to  60  psia  unit,  had  a  machined  diaphragm  .013 
inches  thick  and  a  .010  inch  Evolution  III  beam  * T*  dimension  (see  Figure 
1).  Again,  the  balance  between  the  diaphragm  stiffness  and  the  beam  stiff¬ 
ness  results  in  .0015  inch  movement  at  the  beam  when  60  psia  is  applied  to 
the  transducer. 

All  other  mechanical  features  of  these  prototypes  are  as  described 
earlier  in  this  report  under  Section  II. 

b.  Prototype  Electrical  Circuit  Design 

All  four  prototypes  incorporated  Evolution  III  beams  using  parallel 
gap  gold  lead  attachment  procedures.  As  shown  in  Figure  5A,  and  Figure  2, 
View  'C',  the  deposited  strain  gages  on  the  Evolution  III  beam  are  wired 
into  a  Wheatstone  bridge.  Compensation  resistors  are  subsequently  added 
to  adjust  the  sensitivity  and  zero  out  the  strain  gage  bridge  (compensation 
resistors  located  in  compartment  pictured  in  Figure  1).  The  wiring  sche¬ 
matic  pictured  in  Figure  5A  shows  the  complete  circuit  used  in  these 
prototype  transducers. 
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III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 


WIRE  ATTACHMENT  VALIDATION  contd 
3.  Prototype  Fabrication  ard  Validation  contd 

c .  Prototype  Initial  Design  Validation  Test  Results 

The  Prototype  Test  Plan  for  Task  I  consisted  of  overload  stressing 
(150%  of  full  scale  range)  and  precal ibration  pressure  cycling  to  determine 
linearity,  repeatability,  and  hysteresis  characteristics.  The  prototypes 
were  then  temperature  and  pressure  cycled  to  determine  zero  and  span  com¬ 
pensation  requirements. 

Following  temperature  compensation  and  final  transducer  assembly,  each 
prototype  was  tested  as  follows: 

1)  Excitation  voltage  15V  DC 

2)  Load  resistance  greater  than  1  megohm 

3)  Performed  a  15  point  calibration  run  at  -65°F,  -40°F,  75°F, 

210°F ,  and  250°F 

The  test  results  are  tabulated  in  Tables  1  thru  4.  As  can  be  seen  from 
these  data,  for  the  PA8223-20,  0  to  20  psia  range: 

1)  Non-linearity  error  was  +.068  to  -.056%  full  scale  (FS)  maximum. 

2)  Hysteresis  error  was  +.051%  full  scale  maximum. 

3)  Repeatability  error  was  -.016%  full  scale  maximum. 

4)  Thermal  span  error  was  -.0012  to  +.0005%  FS/°F. 

5)  Thermal  zero  error  was  from  +.0027  to  -.0017%  FS/°F. 

For  the  PA8223-60,  0  to  60  psia  range,  the  data  showed  the  following 
performance: 

1)  Non-linearity  error  was  +.179%  full  scale  (FS)  maximum. 

2)  Hysteresis  error  was  +.05%  full  scale  (FS)  maximum. 


III.  TASK  I  -  NEW  THIN  FILM  SPUTTERED  DEPOSITION  CONFIGURATION  AND  GOLD  LEAD 


WIRE  ATTACHMENT  VALIDATION  contd 
3.  Prototype  Fabrication  and  Validation  contd 

c.  Prototype  Initial  Design  Validation  Test  Results  contd 

3)  Repeatability  error  was  from  -.006  to  +.004%  full  scale  (FS) 
maximum. 

4)  Thermal  span  error  was  from  -.0011  to  +.0005%  FS/°F. 

5)  Thermal  zero  error  was  from  -.0021  to  +.0023%  FS/°F. 

IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING 

The  objective  of  Task  II  was  to  conduct  further  bench  testing  of  two  (2) 
prototype  pressure  transducers  to  include  temperature  and  pressure  cycling, 
sine  vibration,  shock,  humidity,  static  acceleration,  response  time,  and  thermal 
shock  tests.  These  tests  were  designed  to  validate  projected  performance  char¬ 
acteristics  and  limitations. 

Coincidental,  two  (2)  prototypes  (Serial  Number  4387,  a  0  to  20  psia  range 
unit,  and  Serial  Number  8020,  a  0  to  60  psia  unit)  were  sent  to  Air  Force  Wright 
Aeronautical  Laboratories  for  on-engine  testing  of  the  transducers.  After  en¬ 
gine  testing,  these  units  were  returned  to  Gould  MSD  for  recalibration  under 
Task  III.  The  other  two  (2)  prototype  transducers  (Serial  Number  4446,  a  0  to 
20  psia  unit,  and  Serial  Number  8049,  a  0  to  60  psia  unit)  were  subjected  to 
further  bench  tests  by  Gould  MSD  as  described  under  Test  Procedure  1053,  Revi¬ 
sion  A  (see  Appendix  A). 

To  accomplish  the  Task  II  objective.  Test  Procedure  1053,  Revision  A  was 
developed  by  Gould  MSD  and  was  approved  on  November  20,  1980  by  Air  Force 
Wright  Patterson  Aeronautical  Laboratories  (see  Appendix  A),  Under  Test  Pro- 
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IV.  TASK  IV  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 


cedure  1053,  Revision  A,  throughout  the  temperature  range  of  -65°F  to  +250°F, 
the  pressure  transducers  were  to  be  within  the  accuracy  requirements  listed 
below: 


Static  Accuracy: 
Non-1 inearity: 
Hysteresi s: 

Repeatability: 

Repeatability: 

Thermal  Effects: 
Compensated  from: 
Zero  shift: 
Sensitivity  shift 


±.15%  F.S.  terminal 
0.1%  F.S. 

0.1%  F.S. 

-65  to  +250°F 
0.005%  F.S./°F 
0.005%  F.S./°F 


Overload  Effects: 

150%  F.S.  overload:  zero  set,  0.1%  F.S. 


Two  (2)  prototype  pressure  transducers  (Serial  Number  4446  and  8049)  were 
tested  for  "basic  performance".  The  test  calibration  method  used  was  a  fifteen 
(15)  point  pressure  survey  with  rated  power  (15V  DC)  applied  to  the  transducer. 
After  connecting  the  transducer  to  a  dial  manometer,  and  the  test  circuit  pic¬ 
tured  in  Figure  15,  the  transducer  was  placed  in  a  temperature  chamber  and 
thermally  stabilized  at  a  given  test  temperature  ±2°F  for  one  hour.  With  the 
unit  stabilized  at  the  set  temperature,  pressure  was  reduced  to  less  than  0.01 
psia  and  the  output  was  recorded.  A  fifteen  (15)  point  calibration  was  then 
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IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING 


accomplished  by  slowly  increasing  the  applied  pressure  so  as  to  approach  each 
pressure  increment  using  care  not  to  overshoot  the  desired  setting.  Similarly, 
when  decreasing  the  pressure,  care  was  taken  not  to  undershoot  the  desired 
setting.  All  pressure-step  outputs  were  recorded  and  are  presented  in  columns 
1  through  6  of  Tables  5  and  6.  (NOTE:  The  transducers  were  tested  at 
-65°F±2°F,  -40° F  ±  2°F,  -75°F  ±  2°F,  +210°F  ±  2°F,  and  +250°F  ±  2°F.  "Basic 
repeatability"  of  the  transducer  was  established  by  two  consecutive  calibra¬ 
tions  at  room  temperature,  75°F). 

The  above  described  test  method  was  used  to  establish  the  "basic  perfor¬ 
mance"  characteristics  for  each  prototype  (see  Tables  5  and  6).  Using  these 
data  as  a  static  accuracy  base  line,  (i.e.  15  point  calibration  at  75°F  was 
termed  "Initial  Static  Accuracy",  see  column  4  of  Tables  5  and  6)  further 
bench  testing  was  conducted.  After  each  test  was  completed;  a  15  point  cali¬ 
bration  run  was  made  at  75°F  and  the  data  compared  to  the  "Initial  Static 
Accuracy  Data". 

After  the  "Initial  Static  Accuracy"  base  line  was  established,  the  follow¬ 
ing  tests  were  performed: 

1 )  Pressure  overload 

2)  Temperature  cycling 

3)  Static  acceleration 

4)  Mechanical  shock 

5)  Sine  vibration 

6)  Humidity 

7)  Pressure  Cycling 


IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 


8)  Thermal  shock 

9)  Pressure-step  response  time 

The  following  paragraphs  will  describe  how  each  of  the  above  tests  were 
accomplished  and  the  results  of  each. 

1 .  Pressure  Overload  Test 

a.  Requirement 

After  150%  of  full  scale  overload,  zero  set  will  be  less  than  .1% 
full  scale  (F.S.). 

b.  Test  Method 

The  prototype  transducers  were  connected  to  the  test  circuit  pictured 
in  Figure  15,  pressure  was  reduced  to  less  than  .01  psia,  and  transducer 
output  voltage  was  recorded.  The  units  were  then  subjected  to  150%  of  full 
scale  overload  pressure  for  two  (2)  minutes  and  their  output  voltage  was 
recorded.  The  overload  cycle  was  repeated  three  (3)  times. 

c.  Results 

Results  of  the  overload  tests  are  listed  below: 
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TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 


Pressure  Overload  Test  contd 
c.  Results 

The  projected  accuracy  goal  for  this  test  was  a  zero  set  of  less  than 
0.1%  F.S.  after  application  of  a  150%  F.S.  overload.  As  can  be  seen  from 
the  data,  the  zero  set  due  to  overload  was  less  than  +.024%  F.S.  (used  full 
scale  sensitivity  of  50.512  mV  for  S/N  4446  and  50.391  mV  for  S/N  8049,  see 
column  4  of  Tables  5  and  6)  and  is  thus  within  specification. 

Temperature  Cycling  Test 

a.  Requirement 

After  55  temperature  cycles  from  -65°F  to  +250°F,  the  transducers 
shall  meet  the  static  accuracy  goals  as  shown  in  Tables  5  and  6. 

b.  Test  Method 

The  transducers  (Serial  Numbers  4446  and  4089)  were  placed  in  a  temp- 
perature  test  chamber.  A  cycle-time  controller  was  connected  to  the  chamber 
to  bypass  the  chamber  manual  control.  One  complete  cycle  consisted  of  a 
one  (1)  hour  temperature  soak  at  -65°F,  one-half  (1/2)  hour  to  change  the 
test  chamber  temperature  from  -65°F  to  250°F,  a  one  (1)  hour  temperature 
soak  at  250°F,  and  finally  one-half  (1/2)  hour  to  bring  the  chamber  temper¬ 
ature  back  to  -65°F.  Total  elapsed  time  for  one  cycle  was  three  (3)  hours. 
The  prototype  transducers  were  subjected  to  55  continuous  cycles  over  a 
seven  (7)  day  period.  After  temperature  cycling,  the  transducers  were  sub¬ 
jected  to  a  static  accuracy  test  (at  75°F)  as  described  earlier  (i.e.  15 
point  calibration  survey). 
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IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 
2.  Temperature  Cycling  Test  contd 
c.  Results  contd 

As  can  be  seen  from  the  data  tabulated  in  column  7  of  Tables  5  and  6 
the  results  were: 


n 


V 


a 


STATIC  ACCURACY 
REQUIRED 

PROTOTYPE  ACT 

jAl  performance 

S/N  4446 

S/N  8049 

Non-Linearity 
±.15%  F.S. 

+.057%  F.S. 

+.173%  F.S. 

Hysteresis 

0.1%  F.S. 

+.038%  F.S. 

+.040%  F.S. 

Zero  Set 
(not  specified) 

-.099%  F.S. 

-.528%  F.S. 

NOTE:  After  this  initial  zero  set  taken  after  the 

thermal  cycling  test,  the  zero  remained  within 
±.077%  F.S.  of  the  post  temperature  cycling  test 
_ zero  (see  columns  7  thru  13  of  Tables  5  and  6). 


The  0  to  60  psia  unit.  Serial  Number  8049,  was  .031%  F.S.  above  the 
goal  of  0.15%  F.5.,  for  the  static  non-1 inearity  requirement.  However  all 
other  requirements  were  met  by  both  units. 

3.  Static  Acceleration  Test 
a.  Requirement 

The  transducers  shall  maintain  the  "static  accuracy"  listed  on  Tables 
5  and  6  after  being  subjected  to  a  sustained  acceleration  of  10  g  through 
three  (3)  perpendicular  axes.  The  duration  of  the  acceleration  shall  be 
greater  than  five  (5)  seconds  and  shall  be  repeated  10  times  along  each  of 
three  (3)  axes  (see  Figure  16  for  axis  definition).  An  output  variation 
of  .05%  F.S./g  is  permitted  for  the  transducer  during  acceleration  along 
the  X  axis. 
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IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 
3.  Static  Acceleration  Test  contd 

b.  Test  Method 

The  transducers  were  mounted  on  a  centrifuge  along  the  +X  axis.  Rated 
input  voltage  of  15V  DC  was  applied  to  the  transducers  and  the  output  volt¬ 
age  of  the  transducers  was  recorded.  The  centrifuge  was  operated  to  apply 
10  g's  to  the  transducers.  The  10  g  acceleration  was  maintained  for  5  to  10 
seconds  and  the  transducers  output  was  recorded.  This  procedure  was  re¬ 
peated  10  times.  The  units  were  then  rotated  180°  to  apply  acceleration  in 
the  opposite  direction  along  the  X  axis.  The  transducers  were  again  accel¬ 
erated  10  times  to  10  g's,  maintaining  the  10  g  level  for  5  to  10  seconds 
and  recording  transducer  output  while  the  units  were  experiencing  a  10  g 
acceleration  loading. 

Next,  the  transducers  were  remounted  in  the  Y  and  Z  axes  and  the  pro¬ 
cedure  was  repeated. 

c.  Results 

As  can  be  seen  from  Table  7,  for  Serial  Number  4446,  a  0  to  20  p.-’a 
unit,  the  maximum  output  change  of  -.377  mV  due  to  10  g  acceleration 
loading  was  in  the  -X  axis  direction.  Using  the  initial  full  scale  sensi¬ 
tivity  value  of  50.512  mV  as  determined  during  the  "initial  static  accuracy" 
tests,  (see  Table  5,  Column  3}  the  maximum  variation  was  .075%  F.S./g  for 
this  unit  which  exceeds  the  goal  of  .05%  F.S./g. 

Similarly,  for  Serial  Number  8049,  a  0  to  60  psia  unit,  the  maximum 
acceleration  response  occurred  in  the  -X  axis  direction.  Maximum  output 
change  during  10  g  acceleration  loading  was  -.120  mV.  Using  the  initial 
sensitivity  value  of  50.391  mV  as  measured  during  "initial  sensitivity  ac¬ 
curacy"  test,  the  maximum  variation  was  .024%  F.S./g  for  this  unit. 
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TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 

3.  Static  Acceleration  Test  contd 
c.  Results  contd 

After  the  static  acceleration  tests  described  above  were  completed, 
both  units  were  retested  for  static  accuracy  (i.e.  a  15  point  calibration  sur¬ 
vey  at  75°F).  These  data  are  tabulated  in  column  8  of  Tables  5  and  6.  As  can 
be  seen  from  the  data,  S/N  4446  remained  well  within  the  required  .15%  F.S. 
non-linearity  specification,  S/N  8049  did  not  change  significantly  since  the 
"initial  static  accuracy"  value  of  +.162%  F.S.  non-linear. 

4.  Mechanical  Shock  Test 


a.  Requirement 

The  transducers  shall  be  subjected  to  24  impact  shocks  of  60  g  with  a 
time  duration  of  not  less  than  10  milliseconds.  Four  (4)  shocks  shall  be 
applied  in  each  direction  along  each  of  three  (3)  mutually  perpendicular 
axes  (see  Figure  16  for  definition  of  axes).  The  transducers  shall  with¬ 
stand  the  impact  loads  without  permanent  damage. 

b.  Test  Method 

Four  (4)  shock  impacts  of  60  g's  with  a  duration  of  10  milliseconds  and 
a  wave  shape  approximating  a  half-sine,  were  applied  in  each  direction 
(i.e.  positive  and  negative  direction)  along  each  of  the  three  (3)  mutually 
perpendicular  axes  (axes  as  defined  in  Figure  16,  total  of  24  impact  shocks 
were  applied).  The  shock  testing  was  conducted  by  Approved  Engineering  Test 
Laboratories,  Valley  Division,  Chatsworth,  California. 


TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  c 
Mechanical  Shock  contd 
c.  Results 

Both  prototype  transducers  were  pressurized  to  15  psia  and  output 
voltage  was  recorded  before  and  after  shock  tests.  Data  is  presented 


S/N  4 
(0  to  20  psia) 


OUTPUT 

mum il 

BEFORE 

AFTER 

Tl .478  " 

11.480 

11.494 

11.496 

11.487 

11.485 

11.483 

11.484 

11.495 

11.493 

11.493 

11.496 

35.618 

"35T6FI 

35.887 

35.887 

35.805 

35.795 

35.810 

35.807 

35.847 

35.842 

35.853 

35.857 

■HSWIil 


%  F.S.  CHANGE 

+.004% 

F.S. 

+.004% 

F.S. 

cf 

O 

o 

1 

F.S. 

+.002% 

F.S. 

i 

o 

o 

-p* 

F.S. 

+.006% 

F.S. 

+.006%  F.S. 

.000% 

F.S. 

-.020% 

F.S. 

S'* 

LO 

o 

o 

1 

F.S. 

o 

o 

1 

F.S. 

+.008% 

F.S. 

Full  Scale  (FS)  Sensitivity:  S/N  8049  =  50.391  mV 

S/N  4446  =  50.512  mV 


TASK  IV  -  DETAILED  PROTOTYPE  BENCH  TESTING  c 
Mechanical  Shock  contd 
c.  Results  contd 

Following  shock  testing,  both  prototype  units  were  tested  for  static 
accuracy  and  the  data  compared  to  the  "initial  static  accuracy"  data.  As 
can  be  seen  from  Column  9  of  Tables  5  and  6,  Serial  Number  4446  had  a  non¬ 
linearity  error  +.048%  F.S.  and  hysteresis  error  of  +.040%  F.S.,  while 
Serial  Number  8049  had  non-linearity  error  of  +.170%  F.S.  and  hysteresis 
error  of  .040%  F.S.  Both  units  were  well  within  the  hysteresis  requirement 
of  .1%  F.S.,  however  Serial  Number  8049,  the  0  to  60  psia  unit,  had  a  non¬ 
linearity  error  greater  than  the  allowed  .15%  F.S.  However,  Serial  Number 
8049  had  a  non-linearity  error  of  +.164%  F.S.  during  "initial  static 
accuracy"  testing  and  this  error  was  virtually  unchanged  after  shock  test- 


Based  on  the  data  it  was  concluded  that  the  10  g  shocks  did  not  effect 
the  "static  accuracy"  of  either  transducer. 


Sine  Vibration  Test 


a.  Requi rement 

The  transducer  shall  maintain  calibration  (i.e.  static  accuracy)  after 
being  vibrated  at  40  g's  for  3  hours  in  each  of  the  three  mutually  perpen¬ 
dicular  axes.  An  output  variation  of  less  than  0.2%  F.S./g  is  permitted 
for  the  transducer  when  vibrated  along  each  axis  (see  Figure  16  for 
axes  definition). 


IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 


5.  Sine  Vibration  Test  contd 

b.  Test  Method 

The  transducers  were  mounted  on  a  vibration  exciter  and  15V  DC  excita¬ 
tion  voltage  was  applied  to  each  transducer.  The  pressure  port  of  each 
transducer  was  vented  to  the  atmosphere.  An  oscilloscope  was  used  to  moni¬ 
tor  the  output  from  the  transducers  during  vibration.  The  units  were 
subjected  to  sine  vibration  along  each  axis  pictured  in  Figure  16,  at  a 
sweep  rate  of  one  octave  per  minute  at  the  frequencies  and  vibratory  levels 
shown  below: 

FREQUENCY  (cps)  VIBRATION  LEVELS 

5  to  88  0.10"  DA 

88  to  2000  40.0  g's 

Resonant  modes  of  the  transducer  were  determined  by  varying  the  fre¬ 
quency  of  the  applied  vibration  from  5  to  2000  cps  at  a  2  g  level.  A 
resonance  was  defined  as  a  repeatable  peak  output  at  a  specific  frequency 
which  is  greater  than  five  times  the  average  noise  output  over  the  frequency 
range  at  the  applied  * g '  level. 

c.  Results 

Both  units  showed  no  resonant  modes  between  5  and  2000  cps.  A  static 
accuracy  test  was  performed  on  each  unit  after  sine  vibration  testing  (see 
column  10  of  Tables  5  and  6)  and  both  units  exhibited  the  same  basic  ac¬ 
curacy  (i.e.  no  significant  change)  as  in  their  "initial  static  accuracy" 
test  (see  column  4  of  Tables  5  and  6). 
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IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 


6.  Humidity  Test 

a.  Requirement 

The  transducer  shall  operate  within  the  static  accuracy  requirements 
(see  Tables  5  and  6)  after  exposure  to  95  ±  5  percent  relative  humidity  at 
130°F  for  15  days  with  the  inlet  port  vented  to  the  atmosphere. 

b.  Test  Method 

The  transducers,  non-operating,  were  placed  in  a  chamber  with  humidity 
greater  than  90%.  The  chamber  temperature  was  increased  to  130°F  and  main¬ 
tained  at  this  temperature  for  15  days.  At  the  end  of  15  days,  the  trans¬ 
ducers  were  removed  from  the  chamber  and  examined  for  corrosion  or  rust  and 
none  was  found.  The  moisture  was  removed  from  the  electrical  terminals  by 
blowing  nitrogen  gas  across  the  terminals.  A  static  accuracy  test  (i.e.  15 
point  calibration  survey)  at  75°F  was  conducted  within  one  (1)  hour  after 
removal  from  the  humidity  chamber. 

c.  Results 

After  careful  inspection  of  each  transducer,  no  rust  or  corrosion  was 
found  following  humidity  testing.  This  result  was  not  surprising  as  both 
prototypes  were  built  using  all  welded  stainless  steel  construction  and  are 
hermetically  sealed. 

Results  of  the  static  accuracy  test  performed  after  removing  the  units 
from  the  humidity  chamber  are  tabulated  in  Column  11  of  Tables  5  and  6  and 
are  essentially  unchanged  when  compared  to  "initial  static  accuracy"  data 
found  in  Column  4  of  Tables  5  and  6. 


IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  c 


ontd 

7.  Pressure  Cycling  Test 

a.  Requirement 

After  250,000  pressure  cycles  from  approximately  0  psia  to  the  full 
rated  pressure  of  the  transducer,  the  unit  shall  meet  the  static  accuracy 
requirement  listed  in  Tables  5  and  6. 

b.  Test  Method 

The  pressure  port  of  each  transducer  was  connected  to  a  pneumatic 
pressure  cycler  (see  Figure  17).  The  cycler  was  adjusted  to  provide  a 
variation  in  pressure  from  0.2  psia  to  20  ±  2  psia  at  a  rate  of  ap¬ 
proximately  6  cycles  per  minute  for  transducer  Serial  Number  4446,  the 
0  to  20  psia  unit.  Similarly,  the  cycler  was  adjusted  to  provide  a 
variation  in  pressure  from  .02  psia  to  60  ±  0.6  psia  for  Serial  Number 
8049,  the  0  to  60  psia  unit.  At  the  completion  250,000  cycles  on  each 
unit,  a  static  accuracy  test  was  performed  on  each  unit. 

c.  Results 

Static  accuracy  data  (i.e.  15  point  pressure  calibration  survey  com¬ 
pleted  at  75°F)  taken  after  the  pressure  cycling  test  is  tabulated  in 
Column  12  of  Tables  5  and  6.  As  can  be  seen  by  comparing  this  data  to  the 
"initial  static  accuracy"  data  (see  Column  4  of  Tables  5  and  6),  the  trans 
ducers  characteristics  did  not  change  after  pressure  cycling. 

8.  Thermal  Shock  Test 
a.  Requirement 

The  transducers  shall  be  subjected  to  a  thermal  shock  test  at  a  con¬ 
stant  pressure  level  wherein  the  transducer  output  and  the  transducer  case 
temperature  are  continuously  monitored/recorded  while  the  case  temperature 
is  rapidly  (i.e.  less  than  30  seconds)  decreased  by  a  50°F  step. 


IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 
Thermal  Shock  Test  contd 

b.  Test  Method 

Each  transducer,  equipped  with  a  metal  tube  attached  to  the  pressure 
port,  was  stabilized  at  85°F  ±  2°F  in  an  oven  for  45  minutes  with  rated 
voltage  of  15V  DC  applied.  Each  transducer  case  was  instrumented  with  a 
thermocouple  to  facilitate  monitoring  of  transducer  case  temperature. 

A  dual  trace  recorder  was  used  to  monitor  the  output  from  the  trans¬ 
ducer  and  the  thermocouple  while  the  transducer  was  submerged  in  a  stabi¬ 
lized  ice-water  bath.  The  pressure  port  of  the  transducer  remained  vented 
to  the  atmosphere  via  the  metal  tube  attached  to  the  pressure  port.  Using 
this  method,  the  transducers  were  subjected  to  a  50°F  step  temperature 
change  in  less  than  30  seconds. 

c.  Results 

Figure  18  presents  the  thermal  shock  data  from  tests  conducted  on 
Serial  Numbers  4446  and  8049.  As  can  be  seen  from  Figure  18,  unit  4446, 
with  0  to  20  psia  range,  exhibited  a  -.55%  full  scale  (F.S.)  change  in 
the  first  1.25  minutes  and  then,  after  6  minutes,  returned  to  only  -.25% 
F.S.  difference  from  the  initial  85°F  stabilized  output  reading. 

Similarly,  transducer  8049,  a  0  to  60  psia  unit,  experienced  a  -.65% 


F.S.  change  after  .8  minutes  of  the  thermal  shock.  As  the  transducer  case 
thermally  stabilized  after  6  minutes,  the  transducer  output  returned  to 
only  a  .25%  F.S.  change  from  the  initial  pre-thermal  shock  output. 


TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 


Thermal  Shock  Test  contd 
c.  Results  contd 

A  post-thermal  shock  static  accuracy  test  was  run  on  both  prototype 
units  after  the  units  were  thermally  stabilized  at  75°F  for  one  hour. 

Column  13  of  Tables  5  and  6  tabulated  the  post  thermal  shock  test  static 
accuracy  data.  By  comparing  Columns  13  with  Column  4  in  Tables  5  and  6, 
it  can  be  seen  that  no  significant  change  occurred  in  the  basic  perfor¬ 
mance  of  either  unit. 

Pressure-Step  Response  Time 

a.  Requirement 

The  transducers  shall  have  a  time  constant  of  less  than  0.01  second. 
The  time  constant  is  defined  as  the  time  required  for  the  transducer,  ex¬ 
hibiting  a  first  order  response,  to  reach  63.2  percent  of  its  normal  output 
after  being  subjected  to  a  stimulus  of  a  step  pressure  change  as  follows: 
MODEL  PRESSURE  STEP 

PA8223-60  45  psi  (60  psia  to  15  psia) 

(Serial  Number  8049) 

PA8223-20  10  psi  (25  psia  to  15  psia) 

(Serial  Number  4446) 

b.  Test  Method 

The  pressure  step  response  time  of  the  prototype  units  was  obtained  by 
applying  a  step  pressure  to  the  pressure  port  and  photographing  the  trans¬ 
ducer  output  waveform  obtained  on  an  oscilloscope. 

The  step  pressure  input  was  obtained  by  connecting  the  pressure  port 

of  the  transducer  to  a  fixture  which  had  1-1/2"  opening  at  one  end.  The 

fixture  opening  was  then  covered  by  a  .001  inch  thick  cellophane  diaphragm 

and  the  fixture  cavity  was  pressurized  to  a  predetermined  pressure  above 

-29- 


IV.  TASK  II  -  DETAILED  PROTOTYPE  BENCH  TESTING  contd 


9.  Pressure-Step  Reponse  Time  contd 

b.  Test  Method 

atmospheric  (fixture  pressurized  to  60  psia  for  Serial  Number  8049,  and  25 
psia  for  the  Serial  Number  4446  test).  The  diaphragm  was  then  ruptured, 
venting  the  pressure  port  of  the  transducer  to  the  atmosphere  and  exposing 
the  subject  transducer  to  a  calibrated  pressure  step  input. 

c.  Results 

Figures  19  and  20  show  the  response  outputs  of  both  prototype  trans¬ 
ducers.  As  can  be  seen  from  the  photographs  in  Figures  19  and  20,  the 
response  time  for  Serial  Number  4446  was  .000126  seconds  and  .000205 
seconds  for  Serial  Number  8049.  Both  units'  response  time  was  well  below 
the  .01  second  allowed. 

V.  TASK  III  -  POST  ON-ENGINE  TEST  RECALIBRATION  OF  PROTOTYPE  TRANSDUCERS 
Coincidental  with  the  accomplishment  of  Task  II  by  Gould  MSD,  on- 
engine  tests  of  two  prototype  transducers  were  completed  by  Air  Force 
Wright  Aeronautical  Laboratories.  Two  transducers,  serial  numbers  4387 
and  8020,  were  shipped  to  ASD/PMRSA  Air  Force  Systems  Command,  Wright- 
Patterson  AFB,  Ohio,  on  20  January  1981. 

Following  piggyback  engine  testing  of  both  transducers,  the  units 
were  returned  to  Gould  MSD  for  recalibration.  Recalibration  was  completed 
by  18  June  1982.  A  comparison  of  transducer  performance  data  generated 
before  (as  shipped)  engine  tests  and  after  (as  returned)  engine  tests  is 
presented  in  the  following  paragraphs  of  this  report. 


TASK  III  -  POST  ON-ENGINE  TEST  RECALIBRATION  OF  PROTOTYPE  TRANSDUCERS 


I .  Pre  and  Post  On-Engine  Test  Data  Comparison 

Figures  21  A,  B,  and  C  and  Figures  22  A,  B,  and  C,  show  a  comparison 
of  transducer  characteristics  before  and  after  the  jet  engine  tests. 

Figure  21  (A)  and  Figure  22  (A)  present  static  accuracy  data  taken  at 
different  temperature  levels.  As  can  be  seen  from  the  data,  hysteresis 
error  and  non-linearity  error  increased  only  slightly  after  engine  testing. 

Figures  21  (B)  and  22  (B)  show  before  and  after  engine  test  data. 

Four  graphs  are  presented  in  each  figure.  The  top  two  graphs  show  how  the 
span  of  the  transducer  changes  with  temperature  as  a  %  of  full  scale  sensi¬ 
tivity.  The  lower  graphs  shown  how  the  zero  behaves  as  a  function  of  tem¬ 
perature  (shown  in  %  FS).  As  can  be  seen  from  these  graphs,  the  span  and 
zero  characteristics  of  the  transducer  were  affected  only  slightly- by  jet 
engine  testing. 

Finally,  Figures  21  (C)  and  22  (C)  display  more  before  and  after 
engine  test  data.  The  curves  on  the  charts  represent  the  difference 
(error),  in  %  full  scale,  that  the  transducer  output  varies  from  a  straight 
line  connecting  the  end  points  (see  Glossary  of  Terms)  of  the  transducer 
output,  calibrated  at  75°F.  As  can  be  seen  from  the  data,  on-engine  test¬ 
ing  had  little  effect  on  the  transducer  performance. 


VI.  CONCLUSIONS 


The  following  is  a  comparative  listing  of  design  accuracy  goals,  and  the 
worst  case  results  obtained  from  the  four  (4)  prototype  units: 


STATIC  ACCURACY 


DESIGN 

GOALS 

PROTOTYPE  PERFORMANCE 
(WORST  CASE) 

Non-linearity 

±JS%  F.S. 

+.181%  F.S. 

Hysteresis 

0.1%  F.S. 

.081%  F.S. 

Repeatability 

0.1%  F.S. 

.042%  F.S. 

Thermal  Effects 

Zero  Shift 

±.005%  F. S./°F 

-.0021  to  +.0027%  F.S./°F 

Sensitivity 

±.005%  F.S./°F 

-.0012  to  +.0005%  F.S./°F 

Overload  (150%  F.S. ) 

Zero  Set 

0.1%  F.S. 

.024%  F.S. 

(See  Tables  5 
information) 

and  6  and  Figures  21 

and  22  for  more  detailed 

As  can  be  seen  from  the  above  data,  the  design  goal  of  ±.15%  F.S.  non¬ 
linearity  was  not  met  by  Model  PA8223-60,  the  0  to  60  psia  units. 

Unfortunately  the  non-linearity  of  the  zero  through  temperature  is  an 
inherent  part  of  the  mechanism  and  cannot  be  compensated.  The  only  solution 
would  be  to  redesign  the  0  to  60  psia  prototypes. 

Although  both  transducers  maintained  static  accuracy  after  the  static 
acceleration  test,  S/N  4446,  a  0  to  20  psia  unit,  exceeded  the  goal  of 
.05%  F.S./g  with  a  maximum  variation  of  .075%  F.S./g  along  the  -X  axis.  The 
high  value  originates  from  the  ratio  of  the  suspended  (moving)  mass  of  the 


VI.  CONCLUSIONS  contd 

system  to  it's  stiffness  (spring  constant  of  the  moving  system).  Decreasing 
the  diameter  of  the  link  pin  and  diaphragm  width  would  reduce  the  suspended 
mass.  The  link  pins  in  the  prototypes  had  large  diameters  to  allow  a  stronger 
pin  to  beam  weld,  but  considering  the  pressure  range  for  which  model  PA8223-20 
was  designed  to  operate,  the  increased  weld  strength  becomes  less  important. 
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For  orientation  of  the  two  drawings  below,  see  Figure  2,  View  C. 
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FIGURE  5A 
MIRING  DIAGRAM 


DATA 

PULL-TOTTFAK  force 


OF 

GOLD  WIRE  RIBBON 
.001"  X  .003" 


ANNEALED  STANDARD 


SAMPLE 

NUMBER 

POSITION 

NUMBER 

*★ 

PULL 

STRENGTH 

(grams) 

BREAKAGE 

POINT 

SAMPLE 

NUMBER 

POSITION 

NUMBER 
★  ★ 

PULL 

STRENGTH 

(grams) 

|HS| 

m 

1 

1 

25.4 

Beam 

1 

1 

20.5 

Beam 

T 

2 

26.3 

Beam 

2 

2 

TO 

Beam 

3 

3 

26.1 

Pin 

3 

3 

21.4 

Pin 

4 

4 

25.6 

Beam 

4 

4 

24.4 

Beam 

5 

5 

“2377 

Pin 

5 

5 

19.6 

Beam 

6 

6 

25.6 

Center 

6 

6 

18.0 

Pin 

7 

7 

22.8 

Pin 

7 

- 7 - 

16.0 

Pin 

8 

8 

23.9 

Beam 

'8 

8 

21.9 

Beam 

9 

9 

T377 

Beam 

9 

9 

25.6 

Beam 

HEHH 

HUsBHH 

23.2 

Pin 

10 

10 

21.8 

Beam 

11 

n 

23.1 

Pin 

11 

20.4 

Beam 

12 

12 

23.7 

Pin 

12 

12 

18.6 

Beam 

13 

13 

23.6 

Pin 

13 

13 

21.5 

Beam 

14 

i 

T774 

Pin 

14 

1 

21.2 

Beam 

15 

2 

25.2 

Beam 

15 

2 

mmmmm 

Pin 

16 

3 

25.2 

Pin 

16 

3 

22.3 

Pin 

17 

4 

25.7 

Beam 

17 

4 

19.7 

Pin 

18 

5 

24.0 

Pin 

18 

5 

17.3 

Pin 

19 

6 

23.9 

Beam 

19 

6 

24.3 

Beam 

BH 

7 

18.4 

Pin 

20 

7 

23.6 

Beam 

21 

8 

TO 

Pin 

21  ' 

8 

TO 

Pin 

22 

9 

22.4 

Pin 

22 

9 

21.8 

Pin 

23 

10 

24.9 

Pin 

23 

23.5 

Beam 

24 

11 

25.9 

Center 

24 

11 

20.7 

Pin 

25 

12 

24.3 

Beam 

25 

12 

23.9 

Pin 

26 

13 

2871 

Pin 

26 

13 

21.7 

Pin 

27 

T 

TO 

Beam 

27 

1 

18.0 

Beam 

28 

2 

24.2 

Pin 

28 

2 

24.0 

Beam 

29 

3 

22.6 

Center 

29 

3 

24.0 

Beam 

KuHl 

4 

23.9 

Pin 

30 

4 

22.9 

Pin 

31 

5 

Pin 

31 

5 

T773 

Pin 

32 

6 

28.2 

Pin 

32 

6 

20.3  - 

Pin 

33 

7 

28.6 

Pin 

33 

7 

22.9 

Beam 

34 

8 

23.6 

Pin 

34 

6 

22.9 

Beam 

35 

9 

25.5 

Beam 

35 

9 

19.9 

Beam 

36 

m!nn 

27.4 

Center 

36 

10 

20.9 

Beam 

37 

n 

25.9 

Pin 

37 

11 

22.9 

Beam 

38 

12 

T776  ~ 

Pin 

38 

12 

19.4 

Beam 

39 

13 

26.6 

Beam 

39 

13 

22.2 

Beam 

Data  from  the  sample  was  omitted. 

See  Figure  13  for  location  of  position  numbers. 


CX 

=D 

C3 

U_ 


cx 

• 

LU 

O  <o 

o 

CM  c 

ra 

<D  1  O 

o 

JZ  P*>  ■r-’— > 

CO 

4->  cvi  m—> 

z 

CM  C— ' 

J-  CO  0) 

o  <t  S  c 

(X 

1 — 

4~  Q.  -r-  O 

XCr- 

UJ 

qj  qj  -t~> 

cx 

E  -C  >■—  O 

r> 

l»4J  UJ  U  • 

e/> 

l/>  Cl/) 

CO 

-os-  *-> 

UJ 

<u  c  a>  <u  x 

ct; 

XI  <tv  •*->  O)  CJ 

O- 

+->  C  rt-C 

O  - - 

ro 

dj  VO 

CM 

t-  1  O  •*->  S- 

CM 

««•<-  CO 

CO 

w  ■*-  cu  a 

< 

l/>  CM  *r-  S-  CD 

Q. 

C  00  O  0)  s- 
o<  ait- 

LU 

•> —  CJ_  CX1*—  **— 

vrt  c/J  •' —  o 

« 

C  r-  -O 

— 1 

<y  <d  >> 

E  -o  «—  QJ  <u 

r> 

•r—  O  C  W  • 

o 

,  a  s;  o  niv'O 

FIGURE  '6 

.DEFINITION  OF  AXES  AMO  DIRECTION 
OF  ACCELERATION  FORCES 
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Pressure  Step  Response  Test  A  4-3  (LJ  B  3  a 

(Burst  Diaph<  method)  ^tnca,IE,ecUon,cs  Company 

MODEL:  PA6223-60 _  S/N:  ^9  DATE:  03-03-81  BY;  MM/BT _ _ 
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Basic  ?er:'omnce  Tests 
Excitation:  15 


TABLE  1 


LKUiO.VPE  INITIAL  DESIGN 
VALIDATION  TEST  RESULTS 


INPUT  RESISTANCE _ 5611.3  ohms 

OUTPUT  RESISTANCE _ 4819.2  ohms 

INSULATION  RESISTANCE 
VDC  (MEGOHM  at  50  VDC) _ 100  K 

CALIBRATION  FACTOR  (OPEN  CIRCUIT)  168.06aV/V/Dsi 
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MODEL:  PAS223-CO 
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Basic  Ferfomance  Tests 
Excitation:  15 


TABLE  2 


PROTOTYPE  INITIAL  DESIGN 
VALIDATION  TEST  RESULTS 


PRESSURE 
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INPUT  RESISTANCE  9562.0  ohms 

OUTPUT  RESISTANCE  5111.9  ohms 

INSULATION  RESISTANCE 
VDc(MEGOHNS  at  50  VDC)  15K _ 

CALIBRATION  FACTOR  (OPEN  CIRCUIT)  55 . 996/1  V/V/ps 


OUTPUT:  MILLIVOLTS  DC  (OPEN  CIRCUIT) 
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Basic  Performance  Tests 
Excitation:  15 _ 
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TABLE  3 

INPUT  RESISTANCE 
OUTPUT  RESISTANCE 


PROTOTYPE  INITIAL  DESIGN 
VALIDATION  TEST  RESULTS 

5891 .0  ohms 
5084.9  ohms 


INSULATION  RESISTANCE 
VDC  (MEGOHMS  at  50  VDC)  25K _ 
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Basic  Performance  Tests 


TABLE  4 


PROTOTYPE  INITIAL  DESIGN 
VALIDATION  TEST  RESULTS 
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